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GENERAL INTRODUCTION 
Introduction 
Buckminsterfullerene 1, or C60, was discovered in 1985 by Kroto, Curl and Smalley 
in the soot formed from the vaporization of graphite by laser irradiation. 1 The shape formed 
by the 60 carbon atoms is described as a truncated icosahedron, the shape resulting when the 
comers of an icosahedron are cut off or, simply, a soccer ball with a carbon atom at each 
vertex. This shape is reminiscent of the geodesic domes created by American architect 
Buckminster Fuller and this led to the given name. The molecule is sometimes called 
"buckyball" for the sake of brevity. The third allotropic form of carbon, its atoms have 
hybridization between the sp2 of graphite and the sp3 of diamond, a direct effect of the 
curvature of the molecule. C60 is composed of 12 pentagons and 20 hexagons, each pentagon 
being surrounded or isolated by hexagons. It is the incorporation of the pentagons that leads 
to the molecule's curvature and the separation of the pentagons increases stability of the 
molecule. 
1 
The fact that buckminsterfullerene is a discrete molecule emphasizes another 
difference between it and the other two allotropes of carbon; both graphite and diamond exist 
(ideally) as infinite lattices. Because of their molecularity, buckyballs are soluble in some 
organic solvents and thus are able to be altered by solution-phase chemistry. This ability, in 
conjunction with its unique hollow shape and its relationship to graphite and diamond, has 
led to a veritable frenzy of research activity. 
Although few practical applications have emerged, theories abound with possibilities. 
A very promising avenue of research is into the superconducting properties of buckyball. 2-4 
2 
It has recently been reported that certain doped fullerene crystals display superconducting 
properties up to temperatures of 117 K.4 There is significant study in the medicinal uses of 
functionalized buckyballs concentrating on their capacity to photochemically cleave DNA, as 
well as uses in photodynamic therapy and HIV inhibition. 5,6 The properties of fullerene-
containing materials such as polymers, films, and nanocomposites are also being probed.7 
Polynuclear aromatic hydrocarbons (P AH' s) whose carbon framework can be 
identified on the surface of C60 and have curved structures have been termed "buckybowls" 
reflecting their obvious similarity in shape to a bowl. 8 The interest in these fullerene 
fragments derives almost entirely from their relationship to C60 . Intuitively, it is expected 
that buckybowls should serve as models for C60 . As the fragments expand in size, will they 
increasingly mirror the properties of buckminsterfullerene? Will buckybowls exhibit the 
same conducting and superconducting behavior of their parent? Methods of producing C60 
with various improvements over existing schemes also are envisioned. In particular, the 
feasibility of synthesizing an entire buckyball in a controlled fashion utilizing these curved 
intermediates is being explored. Such a controlled synthesis invokes several possibilities 
such as "stuffing" the inside of the ball with atoms or molecules, stereospecific isotopic 
labeling, or inserting heteroatoms into the framework of the ball. Also related to the C60 
fervor is the question ofbuckybowl complexation with metals. Their curved structure begs 
the study of endohedral versus exohedral bonding for certain metals. However, not all 
interest began with the discovery of fullerenes. There have long been studies on the 
compromise between curvature to release strain and the increased molecular stabilization due 
to aromaticity. This compromise was, in fact, one of the reasons for the first synthesis of 
corannulene over 30 years ago.9 
Despite the possibilities, this exciting field is still very much in its infancy and many 
of the above questions remain unanswered. Much of this is due to the difficulty and 
limitations of the synthetic schemes and methods available for producing buckybowls. 
Accordingly, a large portion of the research done on curved fullerene fragments consists of 
attempting to overcome these obstacles by inventing new and improved means of formation 
as well as testing the boundaries of known techniques in the synthesis of ever larger 
buckybowls. 
3 
Thesis Organization 
The Rabideau group has specialized over the last 10 years in the areas described 
above. They have made significant contributions to the advancement of synthetic methods in 
buckybowl production and the creation of ever bigger, novel, curved, polyaromatic 
structures. This literature review will concentrate on the synthetic routes innovated over the 
years in the production of corannulene (see Corannulene, below) and will showcase the 
synthesis of several larger buckybowls (see Semibuckminsterfullerenes and Circumtrindene, 
below) produced by the extension of these schemes. In so doing, this examination will serve 
as background material for this thesis. 
Chapter 2 introduces the development of new synthetic methodology for the 
production of corannulene. Chapter 3 is a paper accepted for publication in the Journal of 
Organic Chemistry and details the creation of a new fullerene fragment, C32H14. Chapter 4 
follows the creation of a novel polynuclear aromatic hydrocarbon which may serve as a 
precursor to a new, large buckybowl. Appendices have been attached and include 1H and 13C 
NMR for all new molecules; Appendix A coincides with the molecules from Chapter 2, 
Appendix B with those in Chapter 3, and Appendix C contains the spectra for molecules 
from Chapter 4. 
Literature Review 
Corannulene (C20H10) 
The smallest buckybowl, corannulene or dibenzo[ghi,mno] fluoranthene 2, consists of 
20 carbons and 10 hydrogens. A central five-membered ring surrounded by six-membered 
rings gave rise to its common name (cor, heart; annula, ring). 
2 
4 
Barth and Lawton first synthesized 2 over thirty years ago (see Scheme 1).9,10 The 
authors realized that the desired product must have a significant amount of strain inherent in 
the structural framework. Starting with acenaphthene 3, the devised scheme added a series of 
cyclohexane rings one at time to give the basic annulated form; dehydrogenation in the final 
step yielded corannulene. The flexibility of the hydrogenated intermediates allowed the 
reacting functional groups to come close enough that bonds could be formed and the increase 
in strain in the last step was offset by the increase in stability due to aromaticity. Although 
successful, the time and labor involved in the 1 7 step procedure made this method 
undesirable, and the overall yield of 0.4% gave only enough product for an X-ray crystal 
structure and some spectroscopic studies, leaving the chemistry and further properties of 
corannulene unexplored. 
COOMe 
3 
Scheme 1 
OH 
Pd/C, 240 °C 
51% 
The first attempt at improving on Barth and Lawton's synthesis was made by Craig 
and Robins in 1968 (see Scheme 2). 11 A double Knoevenagle condensation between 
acenaphthenequinone 4 and a ketone di ester with loss of two molecules of water was first 
carried out. Next, they capitalized on a previously-reported scheme12 in which substituted 
cyclopentadienes and norbomadiene react in a [ 4+2] cycloaddition fashion, lose carbon 
monoxide, and undergo a reverse Diels-Alder reaction to give substituted benzenes. The 
reaction was successful with dienone 5. The attempted ring closure of fluoranthene-7, 10-
diacetic acid 6b with various strong acids was not successful. Instead of the flexible 
multiple-cyclohexane intermediates of their predecessors, Craig and Robins were dealing 
with a rigid, planar fluoranthene system. They theorized this kept the functional groups too 
far away to create the bonds of the new rings. Even though the synthesis was ill-fated, the 
2 
5 
chemistry employed to make substituted fluoranthenes formed a very important building 
block on which several corannulene synthetic strategies were later based. 
0 
MeOOC~COOMe 
+ 
4 
MeOOC 
a 
Scheme 2 a. base b. norbomadiene 
0 
5 
COOMe R R 
b 
-CO X · 2 
- cyclopentadiene 
6 a R = COOMe several steps 
b R = CH2COOH :=i 
A fundamentally different approach was taken by Davy et al. in 1979 using 
cyclophanes (see Scheme 3). 13 Naphthalenoparacyclophanedienes were synthesized from 
2, 7-substituted naphthalenes. They not only contained the desired 20 carbons, but also 
placed them approximately in the correct positions. The internal five-membered ring was 
theorized to be formed in the final step from an oxidative photochemical cyclization. 
However, under both oxidative and non-oxidative photochemical conditions, as well as 
chemical conditions with a variety of catalysts and reagents, neither of the expected products, 
corannulene or hydrogenated corannulene, was formed. 
X • 2 
Scheme 3 
The area of corannulene study laid practically dormant until Scott revived the area in 
1991 by publishing a reaction scheme based on the procedure of Craig and Robins.1 4 The 
7, 10-fluoranthene diester 6a was reduced to the diol, oxidized to the dialdehyde, converted to 
the dibromovinyl material 7, and dehydrohalogenated to 7, 10-diethynylfluoranthene 8. Flash 
6 
vacuum pyrolysis (FVP) of 8 was ingeniously employed in the final step to accomplish the 
double-ring closure. 
MeOOC COOMe 
a,b,c d 
6a 7 
Scheme 4 a. LAH b. PCC c. CBr4, PPh3, Zn d. LDA 
In FVP, a volatile, solid precursor is sublimed by being placed under vacuum (10-4 -
1 Torr) and, if necessary, heated. This process ensures a low concentration of reactant, 
causing a kinetic preference for an intramolecular reaction. The precursor, once in the gas 
phase, passes through a pyrolysis oven, often with a flow of inert gas (e.g. N2 or Ar) at an 
elevated temperature, from 800 - 1300 °C. Here the molecules gain energy, causing the 
formation of reactive intermediates such as radicals and carbenes, which are trapped when 
the polycyclic aromatic hydrocarbons deform from their planar equilibrium geometry. The 
products are then condensed in a cold trap. 
In Scott's synthesis, FVP was used to enact the rearrangement of terminal acetylene 
groups, located on the 7, 10-positions of fluoranthene, to vinylidenes which were then trapped 
by an intramolecular C-H insertion to form the final two rings. The highly reactive carbene 
intermediates were dissuaded from intermolecular reactions by the gas phase conditions. The 
trapping of the transient carbene was made possible because of the distortion from planarity 
of the substituted fluoranthene at the high temperatures employed in FVP. 
Scott also noted that FVP of 7 gave not only corannulene, but also bromocorannulene 
and 1,6-dibromocorannulene. The halogenated precursor was, in fact, preferred to the 
acetylene precursor because it gave less polymeric material when heated prior to 
sublimation. 15 It was hypothesized that the precursor undergoes an electrocyclic ring closure 
and subsequent loss of two equivalents of HBr to give the dibromo material. Pyrolytic loss 
7 
of bromine atoms from dibromocorannulene is believed to give rise to corannulene and 
monobromocorannulene. The fact that the halovinyl precursor also gave substituted 
corannulenes made for an obvious beginning to the exploration of the chemistry and 
properties of corannulene and the synthesis of larger buckybowls. 
Scott's scheme, with the use of FVP to induce the formation of highly strained, 
curved polyaromatics, was really a landmark effort. Its immediate impact was to make 
possible the production of corannulene on a milligram to gram scale from simple precursors. 
But, its greater effect was on the field of fullerene fragment synthesis as a method applicable 
to producing not only corannulene, but many other even larger buckybowls. A majority of 
the attempts to produce curved, polyaromatic hydrocarbons now employ FVP. 
Siegel et al. proposed in 1992 an additional FVP assisted procedure for the synthesis 
of corannulene; also using substituted fluoranthenes (see Scheme 5).16 1,6,7,10-
Tetramethylfluoranthene 10, was made from 2, 7-dimethylnaphthalene 9. Bromination of 10 
with N-bromosuccinimide (NBS) gave 11 which could be further reacted through the bis-
sulfide 12 to the bis-sulfone 13. Pyrolysis of 11 or 13 both gave 2, the latter with extrusion 
of sulfur dioxide (SO2). Although this scheme cannot be considered a dramatic improvement 
on Scott's, it was important as future innovations in corannulene synthetic strategy used 10 
as a precursor _17, l 8 
Me Me CH2Br 
s 
CH2Br 
b 
9 10 11 12 
jm 
2 FVP 
Scheme 5 a. NBS, CC14, hv b. Na2S, acetone c. H2O2, acetic acid 13 
8 
Another interesting approach to the synthesis of 2 utilizing FVP was published by 
Zimmerman et al. in 1994 (see Scheme 6).1 9 3-(4H-Cyclopenta[de.f]phenanthrylidene)-1,5-
bis(trimethylsilyl)-l,4-pentadiyne 15 was made from reacting the commercially available 
4H-cyclopenta[de.f]phenanthrene 14 with n-butyl lithium (nBuLi) and 1,5-bis(trimethylsilyl)-
1,4-pentadiyn-3-one and then dehydrating with para-toluenesulfonic acid (p-TsOH). 15 was 
then pyrolyzed under N2 flow, closing two adjacent six-membered rings to give corannulene 
in 15% yield as well as small amounts of other P AH' s. Zimmerman's proposed mechanism 
starts with the addition of H atoms to the triple bonds of 15 to give vinyl radicals, which then 
undergo cycloaddition to generate the desired product. This method was less significant as a 
method of corannulene production than as a building block for the synthesis of larger 
buckybowls. 
SiMe3 
I FVP 
2 
SiM~ 
14 15 
Scheme 6 a. nBuLi b. H+ 
In the meantime, Scott had been able to simplify and dramatically improve his 
original synthesis to the point that producing corannulene only took three steps (see Scheme 
7).20, 21 The double Knoevenagle condensation and the Diels-Alder reaction were done in a 
one-pot reaction in which 4 and 2,4,6-heptatrione were first reacted with glycine. 
Norbomadiene was added directly to this mixture to give 7,10-bis(acetyl) fluoranthene 16. 
In the second step, phosphorous pentachloride (PC15) converted the acetyl groups to 1-
chlorovinyl groups. 7, 10-Bis(l-chlorovinyl)fluoranthene 17 was pyrolyzed in the final step 
to give the desired product in yields of 40%. 
Scott's new synthesis was an improvement on the original synthesis for several 
reasons. First, and most obviously, was the reduced length. Barth and Lawton's synthesis of 
corannulene had been 1 7 steps; Scott's synthesis was three. Second, the chemistry employed 
9 
was simple and the starting materials are commercially available. Finally, the chlorovinyl 
pyrolysis precursor was found to resist thermal polymerizations yet remained volatile enough 
to completely sublime in the pyrolysis chamber. 
4 a b 
FVP 
2 
-CO 
- cyclopentadiene 
16 17 
Scheme 7 a. 2,4,6-heptatrione, norbomadiene, glycine b. PC15 
In 1997, Mehta and Panda published another corannulene synthesis involving FVP of 
a different precursor (see Scheme 8).22 Where the previously discussed synthetic schemes 
used FVP to form two six-membered rings, Mehta and Panda used benzo[c]phenanthrenes 
substituted in the 2 position 18a-d to form a five- and a six-membered ring. The substituents 
tested included: an acetyl group, b a 2-chlorovinyl group, c a 1-chlorovinyl group, and d a 
trimethylsilylvinyl ether. In accordance with Scott's results, the chlorovinyl-substituted 
benzophenanthrenes 18b and 18c worked the best, but only in 8% yield. 
R 
FVP • 2 
18 a R = c=:cH b R = C=CHCI CR= / CH2 d R = C OSiMe3 
Cl 
Scheme 8 
As successful as the technique of FVP was in buckybowl synthesis, there was still 
room for improvement. The most noticeable drawbacks, evident in the production of 
corannulene, were the small quantities (200-400 mg) of precursor that could be pyrolyzed in 
one run and the low yields (the best reported was 40%, but most were less than 10%) that 
resulted. There was also a problem of volatility. As the syntheses of larger and larger 
buckybowls were attempted, the necessarily more massive precursors were more difficult to 
sublime. In response to this, the precursors were heated. Unfortunately, with higher heat, 
many precursors tended to polymerize, and thus an impasse was reached. 
The solution to some of these problems seemed to be wet chemistry. In 1996, Siegel 
et al. published the first solution-phase synthesis of a substituted corannulene, 2,5-
dimethylcorannulene 20 (see Scheme 9). 17 This was an extension of their synthesis ofl0. 16 
The Siegel group made 1,6-dimethyl-7,10-diethylfluoranthene 19a, which was brominated in 
the benzylic positions with NBS to give the tetrabromo compound 19b. Implementing a 
derivative of the McMurry coupling reaction reported by Olah,23,24 titanium(III) chloride 
(TiCh) or vanadium(III) chloride (VCh) was reduced with lithium aluminum hydride (LAH). 
The low valence metals coupled the benzylic halides, causing intramolecular cyclization and 
giving the saturated hydrocarbon product. Dehydrogenation was achieved with 2,3-dichloro-
5,6-dicyanobenzoquinone (DDQ) giving the aromatic product. The final two steps combined 
for an approximate 15% yield. 20 was further elaborated to produce the first corannulene 
cyclophane. 17 ,25 
X X 
b, C 
X X 
19a) X = H a 20 
b) X =Br• 
Scheme 9 a. NBS b. TiC13 or VC13, LAH c. DDQ 
It followed that this scheme, with appropriate changes, could be utilized to make 
corannulene. This methodology was reported by Sygula and Rabideau26 and Seiders et af.27 
in 1999 (see Scheme 10). Both groups improved the previous scheme, eliminating the need 
for the low yield dehydrogenation step, by intramolecular coupling of 1,6, 7, 10-
tetrakis( dibromomethyl)fluoranthene 21. It was found that the additional bromines allowed 
11 
spontaneous loss of HBr after the cyclization to aromatize the molecule, increasing the yield 
of the reaction to about 80%. The two methods differed only in the metal reduction reagents; 
the Rabideau group used VCb/ LAH while the Siegel group used TiCb/Zn-Cu couple. 
a 
10 -----
b 2 
21 
Scheme 10 a. NBS b. VCl/LAH or TiCl/Zn-Cu 
This solution-phase synthesis of corannulene provided a means of producing 
corannulene and its derivatives on a larger scale from easily-accessible precursors and in 
good yield. However, since it required air- and water- sensitive metals and long reaction 
times (the organics were added very slowly over a period of several days to encourage 
intramolecular reaction), it was not the most convenient reaction. Inconvenience in 
corannulene synthesis was removed in 2000 with Sygula and Rabideau's report.18 The same 
material used in the reductive coupling reaction, 21, was subjected to only 15 minutes of 
refluxing with sodium hydroxide (NaOH) in a 3: 1 mixture of dioxane and water. 
Tetrabromocorannulene was produced in over 80% yield. The halogenated buckybowls 
could then be reacted with LAH and DDQ to give corannulene or used as an intermediate in 
the preparation of other fullerene fragments. The full mechanism of the reaction is unknown, 
but the first step is likely deprotonation of a dibromomethyl hydrogen. The 
dibromocarbanion could then give rise to a carbene which inserts into either the C-H or the 
C-Br bond. The aromatized final product is realized after loss ofHBr. Regardless of the 
mechanism, it is the inherent strain of the reactant and the release of that strain in the product 
that makes the formation of corannulene possible. 
Solution-phase synthetic schemes allowed many different corannulenes to be made. 
In their 1999 report Siegel et al. detail the fabrication of "methyl corannulene, three different 
dimethylcorannulenes [1,6-, 2,5-, and 2,3-], two different tetramethylcorannulenes [1,2,5,6-
and 2,4,5,7-] acecorannulylene [cyclopentacorannulene], C5h symmetric 
pentamethylcorannulene, and decamethylcorannulene," via the low valence titanium 
12 
coupling reaction.27 In another publication, 2,3-dimethylcorannulene was converted to 
heterocyclic peri-anellated corannulenes. 28 
The practical, large scale synthesis Sygula and Rabideau used in making corannulene 
also lent itself to the production of other substituted corannulenes.18 1,2,5,6-
Tetrabromocorannulene was used as a synthon to produce many different corannulene-based 
molecules.29,30 While chemistry done on the rim of corannulene included methylation, 
ethynylation, halogen exchange (iodine for bromine), Suzuki coupling, and Heck reaction, 
the majority of final products were dibenzocorannulenes. 
This outline of the synthetic history of corannulene is also the general pattern 
followed in the production of other fullerene fragments. The first and most common method 
ofbuckybowl formation attempted is FVP. However, due to the low yields, difficulty of 
scale-up, lack of functionality, and decreasing volatility of precursors, new and improved 
methods ofbuckybowl production have been and are still being sought out. Innovations have 
only recently led to an increase in the use of solution-phase chemistry for not only 
corannulene, but also for larger buckybowls. The methods used for the production of 
corannulene are manipulated, expanded, and their limits tested in the creation of bowls as 
large as 60% of the surface of buckminsterfullerene. In most cases, it is apparent how the 
synthetic strategies originally developed for making corannulene were changed to form much 
larger bowls. The creation of a few larger buckybowls will now be examined. 
Semibuckminsterfullerenes (C30H12) 
There was and is intense interest in buckybowls containing 30 carbons that could be 
considered "half' of C60 . These fullerene fragments, called semibuckminsterfullerenes, 
possess curvature at their inner most atoms comparable to that of the parent molecule. More 
importantly, it is theorized that dimerization of these halves might lead to a complete 
synthesis of C6o-
The first semibuckminsterfullerene 26 was synthesized by Rabideau et al. 8 using a 
reaction scheme analogous to Scott's three step corannulene synthesis (see Scheme 11). In 
this case, 1,2,5,6-tetraketopyracene 23 was unknown and therefore had to be synthesized 
before the larger project could begin.3 1 Finally, benzeneseleninic anhydride (BSA) was used 
13 
to give 23 after the double oxidation of 1,2-diketopyracene 22, 32 the same material the 
Rabideau group used in making cyclopentacorannulene. 33 The precursor was next taken 
through the regular steps of Knoevenagle condensation with 2,4,6-heptatrione, Diels-Alder 
cycloaddition with norbomadiene to give 24, and chlorination with PCls to give 25, the 
difference being that these reactions were occurring on both sides of the molecule. The 
resulting tetrakis(chlorovinyl) material 25 was subjected to FVP, closing all four rings to give 
the semibuckminsterfullerene 26, which displays C2v symmetry, in 5% yield. Unfortunately, 
this isomer is not a candidate for forming C60 from dimerization since it is not a symmetrical 
half of buckminsterfullerene. This means if the C2v bowl framework was removed from the 
surface of a buckyball, a much different piece would remain. 
w 
22 
C 
a 
25 
b 
23 
24 
FVP 
26 
Scheme 11 a. BSA b. 2,4,6-heptatrione, norbomadiene, glycine c. PC15 
The isomer with C3 symmetry 31, on the other hand, is a symmetrical half of a 
buckyball. Removal of this moiety from the surface of the carbon sphere results in an 
identical pattern of atoms, though the two halves are enantiomers. The Rabideau group also 
first synthesized 31 (see Scheme 12).34 Tribenzo[ajk]trindenone 27 was dichloromethylated 
14 
at the three carbonyls by reaction of lithium dicyclohexylamide and DCM to give 28. 
Subsequent dehydration by p-TsOH gave the tris( dichlorovinyl) product 29. Partial 
dechlorination was carried out by n-BuLi, giving a mixture of tetra- and trichlorinated 
material 30 which was pyrolyzed to 31. Regrettably, the minute amounts produced have 
prohibited extensive experimental study of the dimerization. 
a b 
27 28 29 
R 
C FVP 
30 R =Hor Cl 31 
Scheme 12 a. lithium dicyclohexylamide, DCM b. p-TsOH, benzene c. n-BuLi, THF 
In 1997, Zimmermann and Scott announced the synthesis of both 26 and 31 by 
shorter routes in a single publication.35 For 26, a unique spiro-compound 32 was made in 
three steps from cyclopenta[de.f]phenanthrene 14 and subsequently pyrolyzed (see Scheme 
13). The elevated temperatures of FVP caused homolytic scission between the sp3 and sp2 
carbons giving extrusion of cyclopentaphenanthrene and a diradical leading to the closure of 
two six membered rings. The lineage of this scheme comes directly from Zimmerman's 
corannulene method 19 as both started from 14. 
15 
14 3 steps ., FVP 26 
32 
Scheme 13 
In contrast, tribromotribenzo[ cio ]triphenylene 34 was pyrolyzed to give 31 (see 
Scheme 14). The tribromo precursor was made by a highly regioselective bromination of 
tribenzotriphenylene 33 and is essential to this scheme. FVP of the precursor cleaved the 
aryl-Br bonds giving an aryl radical, which, after a 1 ,2-hydrogen shift, closes to give the 
desired cyclizations. 
a 
33 
Scheme 14 a. Br2 
Br 
34 
Br FVP 31 
Mehta and Panda used a similar mechanism in their production of 26 ( see Scheme 
15).36 2,7-Dimethylphenanthrene 35 was brominated with NBS, and converted to the bis-
ylide material by reaction with triphenylphosphine (PPh3). Wittig coupling with p-
bromobenzaldehyde followed by oxidative photocyclization gave the dibromo pyrolysis 
precursor 36. As in the above Zimmermann and Scott scheme, the high temperatures ofFVP 
are believed to cleave the bromine atoms leaving aryl radicals which after a 1 ,2-hydride shift, 
close two five-membered rings and then a six-membered ring to reach the product. 
Me 
Me 
35 
Scheme 15 
4 steps 
16 
Br 
FVP 26 
Br 
36 
Mehta et al. also presented another scheme for the production of C3-hemifullerene 
(see Scheme 16).37 Again, the mechanism of the ring closure apparently is similar to that of 
Zimmermann and Scott, but the route to the precursor is substantially different and simple. 
A three-fold Wittig olefination of 1,3,5-triformylbenzene with 
bromophenylmethyl(triphenyl)phosphonium bromide gives 37. This reaction is followed by 
oxidative photocyclization to give the tribromo hydrocarbon 38, albeit in only 15% yield. 
Pyrolysis of this material gave the preferred product. 
CHO Br Br n Q OHC CHO # Br b a 
+ 
Br 
FVP 31 
+ -QPh3Br 
Br # 3 
# 37 38 
Br 
Scheme 16 a. K2CO3, THF, 18-crown-6 b. 12, hv, propylene oxide 
Sygula and Rabideau brought the synthesis of C30 into the solution-phase with an 
extension of Siegel's low valence metal coupling method used in the making of substituted 
corannulenes.26,38 1,4,5,6,7, 10, l l,12-Octamethylindeno[l ,2,3-c,d]-fluoranthene39 was 
created in the manner of a double, substituted fluoranthene system. That is, 3,4,7,8-
tetramethyl-1,2,5,6-tetraketopyracene 40, made from tetramethyl naphthalene 39 by a series 
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of reactions, was put through the usual steps of Knoevenagle condensation with 3-pentanone 
and Diels-Alder cycloaddition with norbomadiene where the reactions occurred twice on the 
same molecule. The octamethyl material 41a was next brominated with excess NBS. The 
single resulting product 41b contained only 12 bromines instead of the expected 16. X-ray 
crystallography showed two bromines on each outer methyl group, but, due to steric 
congestion, each inner methyl received only one. This turned out to be sufficient as the 
reductive coupling reaction with TiCh and either LAH or Zn/Cu worked and 26 was formed 
in approximately 20% yield. 
XXX--
39 
0 0 
0 0 
40 
a, b, c 
X 
41aX=Y=Me 
b X = CHBr2 
Y = CH2Br 
y 
y 
d 26 
Scheme 17 a. 3-pentanone, KOH, MeOH b. norbomadiene c. NBS d. TiCl/LAH or Zn-Cu 
The convenient synthetic method developed by Sygula and Rabideau was expanded 
in the production of 43, a tetramethylsemibuckminsterfullerene (see Scheme 18).40 The 
above-mentioned 41 was refluxed in a 3:1 mixture of dioxane and water with NaOH to 
produce 42 which was then converted into 43. The importance of this compound lies in the 
fact that it led to the first crystal structure of a semibuckminsterfullerene, thus proving that 
Br Br Me 
a b 
41 
Br Br Me 
42 43 
Scheme 18 a. NaOH, (3:1) dioxane-water, 15 min reflux b. A1Me3, NiCI3(dppp), DME 
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the curvature of the inner atoms is comparable to C60. There is no concave-convex bowl-to-
bowl stacking observed, but the solvent, carbon tetrachloride, is incorporated into the crystal. 
Circumtrindene (C36H12) 
Circumtrindene 45, is the largest buckybowl yet synthesized. Comprising 60% of the 
surface of buckminsterfullerene, properties such as its curvature and UV-Vis absorption 
spectra are similar to that of buckminsterfullerene. 41 A crystal has been prepared allowing 
observation of highly ordered bowl-to-bowl stacking.42 Scott et al. first created 45 by FVP of 
decacyclene 44, a long known commercially available material, in only 0.2% yield (see 
Scheme 19).43 
44 
Scheme 19 
FVP 
45 
This yield was later increased to 25% by regioselective placement of halogens, albeit 
at the expense of a convenient starting material (see Scheme 20).41 That is, 8-
chloroacenaphthenone 4 7 was produced from the corresponding chloronaphthalene 46 by 
means of a regiospecific Friedel-Crafts acylation, transposition of the carbonyl to the end of 
FVP 45 
48 
19 
the end of the carbon chain, hydrolysis, acid chloride formation, and finally an intramolecular 
Friedel-Crafts cyclization. The ketone was next cyclotrimerized to give trichlorodecacylene 
48, which upon FVP gave 45. 
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THE SYNTHESIS OF 7,10-FLUORANTHEN-3-OL: 
A POTENTIAL CORANNULENE PRECURSOR 
Abstract: 7, 1 0-fluoranthen-3-ol, a precursor for a possible new synthesis of corannulene, is 
prepared. Acenaphthene is brominated to 5-bromoacenaphthene. The bromine is converted 
to an alcohol group and protected with a benzoyl ester or methoxy ether. The protected 
phenol is oxidized to the quinone and subjected first to a double Knoevenagle condensation 
with 2,4,6-heptatrione and next to a Diels-Alder reaction with norbomadiene. Loss of carbon 
monoxide and cyclopentadiene give protected 7, 10-bis( acetyl)fluoranthenol which is 
converted to the bis( chlorovinyl) material and deprotected. 
Introduction 
Polynuclear aromatic hydrocarbons that can be identified on the surface of 
buckminsterfullerene 1 and maintain a curved structure have been termed "buckybowls."1 
The smallest of these is corannulene 2. Naturally, the production of a macroscopic amount 
of material is a necessary first step into the study of the properties of these curved P AH' s. 
1 2 
The most common method of buckybowl formation involves the use of flash vacuum 
pyrolysis (FVP).2 However, there are severe limitations on the method. For instance, the 
yields are low (usually less than 10%), scale-up difficult, and functionality in the product 
cannot be reliably produced. There is also a problem with the decreasing volatility of 
precursors with increasing size since they must sublime to pass through the furnace. 
The following novel solid-phase reaction was proposed to overcome some of the 
difficulties experienced by other methods (see Scheme 1). This solid-phase method could be 
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readily scaled-up and the volatility of the even the largest precursor is not an issue. A 
common corannulene precursor, 7, 10-bis( chlorovinyl)fluoranthene, substituted with an 
alcohol group 3 was produced. Chemical attachment of 3 to a silica matrix 4, followed by 
heating in a furnace is theorized to give 5. Previous research indicates that sparse surface 
coverage of the hydrocarbon to the silica matrix would discourage intermolecular reactions, 
increasing the likelihood of corannulene formation. 3-6 The product could then be removed 
from the matrix 6 and reduced to give 2. This paper details the synthesis of the precursor 3. 
HO 
3 
Scheme 1 
Results and Discussion 
4 
HO 
6 
5 
Following the procedure of Ross et al. 7, 5~bromoacenaphthalene was produced by 
the NBS bromination of acenaphthene 7 in dimethyl formamide (DMF). The next steps were 
reaction of the halogenated aromatic with n-butyllithium (n-BuLi) and trimethyl borate in dry 
THF at -78 °C overnight, followed by aqueous N aOH and hydrogen peroxide at O °C to give 
5-acenaphthenol in 50% yield. The phenol was protected by addition of benzoyl chloride to 
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give 8 in 60% yield. The protected hydrocarbon was oxidized with benzeneseleninic 
anhydride (BSA) to give a 45% yield of 9. 
Attempts to use chromium trioxide (CrO3) as an oxidant, instead of the expensive 
BSA, were only partially successful as two major products were formed. In addition to the 
desired product, a related anhydride was created. Unfortunately, separation of these products 
proved difficult by chromatography and by crystallization in a variety of solvents. 
a,b,c,d 
7 
f 
-CO 
- cyclopentadiene 
OO~e~ 
0~ 
8 0 
g • 
9 0 
h 3 
Scheme 2. a. NBS, DMF b. BuLi/B(OMeh, THF, -78 °C c. NaOH(aq)/H2O2, 0 °C 
d. benzoyl chloride, reflux ~3hr e. BSA, chlorobenzene, reflux overnight f. 2,4,6-
heptatrione, norbornadiene, glycine, toluene, reflux overnight g. PC15, benzene, reflux 
3 hr h. KOH, MeOH, water, reflux 15 min 
Scott's three-step corannulene production method8 was then emulated. A 
Knoevenagle condensation with 2,4,6-heptatrione was preformed on the protected quinone 9, 
followed by a Diels-Alder reaction with norbornadiene, in a one-pot reaction. After the loss 
of carbon monoxide and cyclopentadiene, 10 was realized. However, the yield for the one-
pot reaction was only 9%. Phosphorous pentachloride (PC15) in benzene was used to convert 
the acetyl groups into chlorovinyls giving 11 in 50% yield. Deprotection to 3 was 
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accomplished quantitatively using potassium hydroxide in a mixture of methanol (MeOH) 
and water. 
Protection with a methoxy group was also studied. The reaction between 5-
acenaphthenol and methyl iodide with potassium carbonate in dimethyl foramide (DMF) 
gave the desired product 12 in 80% yield. Oxidation with BSA gave 13 in greater than 90% 
yield. Next, the Knoevenagle condensation product, from the overnight reaction of 2,4,6-
heptatrione with the quinone 13 and triethyl amine (NEt3) in methanol, was used without 
purification in the Diels-Alder reaction. This was carried out in n-butanol (n-BuOH) with 
norbornadiene to give 14. Again, the acetyl groups were transformed to chlorovinyl groups 
by PC15 to give 15. However, the reaction scheme failed when deprotection was attempted. 
Reaction of 15 with trimethylsilyl iodide (TMSI) and boron tribromide (BBr3) was 
unsuccessful. 
7 
a,b,c,d 
f,g 
-CO 
- cyclopentadiene 
MeO 
14 
12 
e 
OMe 
h 
Meo 
15 
OMe 
13 
X • 3 
Scheme 3. a. NBS, DMF b. BuLi/B(OMe)3, THF, -78 °c c. NaOH(aq)/H2O2, 0 °c 
d. Mel, K2CO3, DMF e. BSA, chlorobenzene, reflux overnight f. 2,4,6-heptatrione, NEt3, 
MeOH g. norbornadiene, nBuOH, reflux overnight h. PC15, benzene, reflux 15 min 
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Experimental 
General. 1H (300 MHz) and 13C (75.4 MHz) NMR spectra were recorded in CDCb (8 = 
7.26 and 77.23 ppm, respectively) unless otherwise noted. High-resolution mass 
spectroscopy (HRMS) was preformed by the Mass Spectroscopy Laboratory at ISU. Melting 
points are uncorrected. 
5-Bromoacenaphthene: synthesized according to the previously published procedure 7. 1H 
and 13C NMR compared favorably to published results.9 Mp lit. 51-52 °C7, found 50 °C. 
5-Hydroxyacenaphthene: To a solution of 5-bromoacenapthene in dry THF at -78 °C under 
nitrogen was added BuLi (1.3 eq). Upon addition the solution darkened and became opaque. 
Approximately 30 minutes later, trimethyl borate (2.6 eq) was added. The solution became 
clear and was warmed to room temperature over a period of several hours. After stirring 
overnight, the solution was cooled to 0 °C and sodium hydroxide (1 eq) in water was added. 
Next, 30% hydrogen peroxide (10 eq) was added slowly to the mixture and stirred overnight. 
The desired product was extracted from the solution with DCM or diethyl ether, dried with 
magnesium sulfate, and the solvent removed to leave a dark solid. Purification gave a white 
solid and was accomplished by cystallization from a solution of 1: 1 acetic acid and water, 
resulting in a 50% yield. 1H NMR (CDCb, 300 MHz): 8 7.75-7.72(d, lH, 3J = 8.3 Hz), 7.47-
7.42 (dd, lH, 3J = 8.2, 6.9 Hz ), 7.30-7.28 (d, lH, 3J = 6.8 Hz), 7.11-7.08 (dd, lH, 3J = 7.4 
Hz, 4J = 1.4 Hz), 6.82-6.79 (d, lH, 3J = 7.3 Hz), 3.44-3.30 (m, 4H); 13C NMR (CDCb, 75 
MHz): 148.60, 146.09, 140.90, 138.33, 127.35, 122.59, 119.95, 119.03, 116.91, 110.88, 
31.28, 29.71; mp lit. 125-26 °c10, found 123 °C. 
Benzoic acid acenaphthen-5-yl-ester (8): Benzoyl chloride (1 eq) and 5-acenaphthenol 
were refluxed at 130 °C for 3 hours. The liquid was removed and column chromatography of 
the solid with DCM gave the desired product in 60% yield. 1H NMR (CDCb, 300 MHz): 8 
8.36-8.33(m, 2H), 7.69-7.66 (m, lH), 7.60-7.55 (m, 3H), 7.48-7.43 (m, lH), 7.33-7.30 (m, 
3H), 3.48-7.40 (m, 4H); 13C NMR (CDCh, 75 MHz): 8 165.67, 146.39, 144.27, 143.94, 
140.88, 133.87, 130.56, 129.81, 128.90, 128.59, 125.38, 120.12, 120.04, 118.97, 117.16, 
31.20, 30.19; mp lit 105 °C 11 found 103 °C. 
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5-Methoxyacenaphthene (12): 5-Acenaphthenol and potassium carbonate (2 eq) were 
stirred in DMF under nitrogen. Methyl iodide was slowly added to this slurry and the 
resulting mixture stirred overnight. Purification by column chromatography with a 1: 1 
solution of toluene and hexane gave 80% yield. 1H NMR (CDCb, 300 MHz): 8 7.91-7.88(d, 
lH, 3J = 7.9 Hz), 7.5-7.45 (dd, lH, 3J = 8.2, 6.9 Hz), 7.35-7.32 (dd, lH, 3J = 6.8, 4J = 0.7 Hz), 
7.22-7.18 (ddd, lH, 3J = 7.5 Hz, 4J = 1.3, 1.4 Hz), 6.82-6.80 (d, lH, 3J = 7.5 Hz), 4.02 (s, 
3H), 3.47-3.34 (m, 4H); 13C NMR (CDCb, 75 MHz): 8 153.17, 145.68, 140.72, 137.81, 
127.25, 123.95, 120.14, 118.87, 117.85, 105.91, 55.98, 31.33, 29.69; mp lit. 61-62 °C 12, 
found 57-59 °C. 
Benzoic acid acenaphthenquinon-5-yl ester (9): 8 was refluxed with BSA (2 eq) in 
chlorobenzene at 120 °C overnight. Another equivalent of BSA was added and the 
temperature increased to 130 °C for another 24 hours. Upon completion, the reaction mixture 
was washed first with aqueous sodium carbonate, second with water, extracted with DCM, 
and the solvent removed. The crude material, a mixture of diphenyl diselenide and desired 
product, was purified by column chromatography with a 1: 1 solution of hexane and DCM to 
give a 45% yield of the light orange product. 1H NMR (CDCb, 400 MHz): 8 8.36-8.33(m, 
2H), 8.30-8.28 (d, lH, 3J = 8.5 Hz), 8.23-8.21 (d, lH, 3J = 7.7 Hz), 8.17-8.16 (d, lH, 3J = 7.0 
Hz), 7.90-7.86 (m, lH), 7.79-7.74 (m, 2H), 7.64-7.60 (dd, 2H, 3J = 7.8, 7.7 Hz); 13C NMR 
(CDCb, 100 MHz): 8 188.15, 186.96, 164.50, 151.72, 147.51, 134.78, 130.74, 129.23, 
129.03, 128.75, 128.52, 127.73, 126.93, 125.34, 123.57, 122.89, 121.35, 57.01; mp 226 °C 
5-Methoxyacenaphthenquinone (13): 12 and BSA (2 eq) were refluxed at 120 °C in 
chlorobenzene overnight. The solution was evaporated to dryness and the solid purified by 
column chromatography with a 4: 1 solution of hexane and DCM to give >90% yield of the 
desired product. 1H NMR (CDCb, 300 MHz): 8 8.45-8.42 (d, lH, 3J = 8.4 Hz), 8.14-8.12 (d, 
lH, 3J = 7.9 Hz), 8.08-8.05 (d, lH, 3J = 7.0 Hz), 7.79-7.74 (dd, lH, 3J = 7.0, 8.4 Hz), 7.13-
7.10 (d, lH, 3J = 8.0 Hz), 4.18 (s, 3H); 13C NMR (CDCb, 75 MHz): 8 189.60, 186.37, 
160.88, 147.96, 128.36, 127.97, 127.63, 125.11, 123.03, 122.80, 122.18, 106.66, 56.63; mp 
218-220 °C; HRMS (EI, 70 eV) calcd for C13H80 3 212.04734 found 212.04767. 
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Benzoic acid 7,10-diacetylfluoranthen-3-yl ester (10): 2,4,6-Heptatrione (1 eq), 9, and 
glycine (1 eq) in toluene were placed in a three-necked flask with a Clark water trap and a 
condenser. The solution was heated to 100 °C for 30 minutes and norbornadiene added. 
After refluxing overnight, another equivalent of 2,4,6-heptatrione and norbornadiene was 
added. The solution was refluxed overnight again, washed with aqueous sodium carbonate 
and water, extracted with DCM, and the solvent evaporated. Cystallization from ethanol 
gave the desired product in 9% yield. 1H NMR (CDCb, 300 MHz): 8 8.43- 8.40 (d, lH, 3J = 
7.8 Hz), 8.38-8.33 (m, 3H), 7.98-7.95 (d, lH, 3J = 8.2 Hz), 7.71-7.56 (m, 6H), 7.52-7.50 (d, 
lH, 3J = 7.9 Hz), 2.79 (s, 6H); 13C NMR (CDCb, 75 MHz): 8 202.33, 202.13, 165.39, 148.81, 
138.42, 138.05, 137.89, 137.56, 134.57, 134.21, 134.03, 132.08, 130.62, 129.34, 129.03, 
128.47, 126.97, 126.50, 126.38, 124.03, 123.25, 120.30, 30.38, 30.30; mp 190 °C. 
7,10-Diacetyl-3-methoxyfluoranthene (14): 2,4,6-Heptatrione was stirred overnight with 13 
and triethyl amine in methanol. After acidification a dark brown product was collected by 
filtration in 60% yield and used without purification. Overnight reflux with norbornadiene in 
n-butanol gave an oily yellow solid after purification via column chromatography with DCM. 
1H NMR (CDCb,300 MHz): 8 8.41-8.38(d, lH, 3J = 8.1 Hz), 8.33-8.31 (d, lH, 3J = 7.3 
Hz), 8.23-8.21 (d, lH, 3J = 8.2 Hz), 7.66-7.61 (m, 2H), 7.53-7.51 (d, lH, 3J = 8.0 Hz), 6.91-
6.88 (d, lH, 3J = 8.1 Hz), 4.07 (s, 3H), 2.78 (d, 6H, 3J = 7.9 Hz); 13C NMR (CDCb, 75 MHz): 
8 202.94, 202.20, 158.38, 138.59, 138.03, 137.40, 136.78, 134.70, 133.17, 128.06 ,126.95, 
126.90, 126.48, 125.86, 124.81, 123.60, 122.50, 105.96, 56.15, 30.52, 30.21. HRMS (EI, 70 
eV) calcd for C21 H160 3 316.10994 found 316.11046. 
Benzoic acid 7,10-bis(chlorovinyl)fluoranthen-3-yl ester (11): A benzene solution of 10 
with 3 eq of PC15 was refluxed for three hours. The solution was poured on ice, washed with 
aqueous sodium bicarbonate and water, and extracted with DCM. The organic layer was 
condensed and purified via column chromatography with a 1: 1 solution of hexane and DCM, 
giving a waxy solid in 50% yield. 1H NMR (CDCb, 400 MHz): 8 8.39-8.34(m, 4H), 7.95-
7.93 (d, lH), 7.72-7.5 (m, 6H), 5.91-5.70 (d, 4H); 13C NMR (CDCb, 100 MHz): 8 165.46, 
148.25, 138.14, 138.12, 136.90, 136.30, 135.80, 135.52, 134.91, 134.26, 134.20, 132.93, 
130.64, 129.39, 129.03, 128.64, 128.61, 128.28, 125.1_3, 124.86, 124.25, 122.47, 120.45, 
117.72, 117.682; HRMS (EI, 70 eV) calcd for C27H160 2Cb 442.05274 found 442.05335. 
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7,10-Bis(chlorovinyl)-3-methoxyfluoranthene (15): 14 was refluxed in benzene with 3 eq 
of PC15 for three hours. The solution was poured on ice, washed with aqueous sodium 
bicarbonate and water, and extracted with DCM. The organic layer was condensed and 
purified via column chromatography with a 1: 1 solution of hexane and DCM to give an oily 
yellow solid. 1H NMR (CDCb, 300 MHz): 8 8.34-8.31(d, lH, 3J = 6.5 Hz), 8.22-8.15 (m, 
2H), 7.65-7.60 (d, lH, 3J = 7.2, 8.2 Hz), 7.30-7.22 (m, 2H), 6.91-6.89 (d, lH, 3J = 7.9 
Hz), 5.88-5.71 (m, 4H), 4.07 (s, 3H); 13C NMR (CDCb, 75 MHz): 8 157.80, 138.63, 138.45, 
136.57, 136.36, 135.54, 134.54, 134.26, 134.10, 128.09, 127.18, 127.12, 126.99, 125.94, 
124.91, 122.79, 122.70, 117.38, 117.29, 105.97, 56.11; HRMS (EI, 70 eV) calcd for 
C21H14OCb 352.04217 found 352.04256. 
7,10-Bis(chlorovinyl)fluoranthen-3-ol (3): Potassium hydroxide and water in methanol 
were refluxed for 15 minutes with 11. The solution was acidified, washed with NaHCO3, 
and extracted with DCM. The oily yellow product was pure in quantitative yield. 1 H NMR 
(CDCb,300 MHz): 8 8.36-8.34(d, lH, 3J = 7.2), 8.14-8.10 (m, lH), 7.67-7.62 (dd, 2H, 3J = 
7.2, 8.3), 7.31-7.23 (m, 2H), 6.91-6.89 (d, lH, 3J = 7.7), 5.90-5.86 (m, 2H), 5.72-5.68 (m, 
2H); 13C NMR (CDCb, 75 MHz): 8 153.75, 138.53, 138.39, 136.61, 136.19, 135.62, 134.55, 
134.39, 134.35, 128.26, 127.67, 127.26, 127.04, 125.88, 125.08, 122.23, 121.35, 117.45, 
117.38, 111.11; HRMS (EI, 70 eV) calcd for C20H12OCb 338.02652 found 338.02701. 
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SYNTHESIS OF A NEW C32H12 BOWL-SHAPED AROMATIC HYDROCARBON: 
ACENAPHTHO[3,2,1,8-ijk/m ]DIINDENO[4,3,2,1-cde/:1 ',2' ,3' ,4'-
pqra ]TRIPHENYLENE 
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Abstract: The flash vacuum pyrolysis (FVP) of l ,2-bis(2-bromophenyl)-4,9-
dibromocorannulene leads to a new C32H12 buckybowl. 
Introduction 
Since the discovery of C60, curved fullerene fragments known as "buckybowls" have 
been the subject of an active field ofresearch. 1 Two general strategies for the synthesis of 
these novel polycyclic aromatic hydrocarbons have been developed. Methods incorporating 
flash vacuum pyrolysis (FVP) introduced by the Scott group2a have been successful in the 
production of corannulene (1),2 the smallest member of this family, and other larger 
buckybowls including C32H12 (2)3 and C36H12 (3),4 the largest fullerene fragments 
1 
2 3 
synthesized to date. The high temperature, low concentration conditions promote the 
formation of intramolecular, highly strained, bonds. However, yields not only vary from 
moderate to very low, but also are on a milligram scale. Furthermore, the required conditions 
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generally exclude the possibility of functionality in the products. Non-pyrolytic methods, 
reported by Siegel5 and later by Scott6 as well as our group,7 have shown substantial yield 
improvements, allow for larger scale, and can give functionalized products since non-volatile 
precursors can be used in the critical ring-forming step. These benefits suggest that non-
pyrolytic schemes will be important for the preparation of larger buckybowls or perhaps 
provide a synthetic route to Buckminster-fullerene in the future. 
Following our recent discovery that tetrabromocorannulene can be conveniently 
prepared on a large scale by sodium hydroxide-promoted coupling of tetrakis( dibromo-
methyl)fluoranthene,7 we began exploring a solution-phase approach to the synthesis of a 
number of corannulene derivatives. 8 Herein, we report that the pyrolysis of one of these 
derivatives, 1,2-bis(2-bromophenyl)-4,9-dibromocorannulene (7), leads to the formation of a 
new C32H12 buckybowl 6 isomeric with 2 (see Scheme 1). 
,H/ 
'lU 
a,b 
36% 
6 
4 
e 
7% 
C 
86% 
5 
X 
7 8 
Scheme 1 a. 3-pentanone, KOH/MeOH, RT, overnight b. bis(2-bromophenyl) 
ethyne, Ac20, 160 °C, sealed tube, 24h. c. NBS (excess), hv, benzene, benzoyl 
peroxide, 24 h. d. dioxane/water (~3:1), NaOH, reflux 30 min. e. FVP, 1050 °C, 
lmmHg 
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Results and Discussion 
Thus, condensation of 3,8-dimethylacenaphthenequinone with 3-pentanone under 
Knoevenagle conditions gave the carbinoi9 which, without purification, underwent a Diels-
Alder cycloaddition with bis(2-bromophenyl)ethyne 10 to give the hexasubstituted 
fluoranthene 4 in 36% yield. Treatment of 4 with an excess ofN-bromosuccinimide under 
irradiation with a lamp led to the formation of 5 exclusively. 11 Refluxing 5 with sodium 
hydroxide in dioxane/water ( ~3: 1) afforded, almost quantitatively, the desired product 7. 
Encouraged by results in our lab on a related system, 13 we applied the recently published 
strategy for dibenzo[a,g]corannulene6 and its dihydrocyclopenta analog 12 to 7 in the hope of 
achieving formation of two five-membered rings resulting in 8. To this end, we examined 
several palladium catalysts (specifically, Pd(PCy3)2Ch, Pd(PPh3)2Ch, and palladacycles) 
with organic bases (DBU, N-methyldicyclohexylamine) in different solvents (DMAc, DMF) 
with no success. Only debromination, without the desired ring closures, was observed. 
Therefore, having gram quantities of 7, we decided to pursue the pyrolytic method. 
Several years ago, we reported the synthesis of2 by FVP, albeit in very low yield (0.1 %). 
We thought precursor 7, already possessing a curved surface with four bromines in the 
desired positions, should be a better choice. To our surprise, we accomplished not the two 
expected ring closures, but three, and with a significant improvement in yield as compared 
with isomer 2. Indeed, FVP of7 at 1050 °C (400 mg in ca. 80 mg batches) following a quick 
silica gel chromatography ofpyrolysate gave 16 mg (7%) of 6, shown to be a C32H12 
hydrocarbon by mass spectroscopy. In agreement with the assigned structure, 1H NMR 
shows the expected four doublets, one singlet and a doublet of doublets, while the 13C NMR 
spectrum shows the expected six methine carbons and eleven quaternary signals. The most 
distinctive features were significant shifts of two quaternary signals to lower field (8 151.3 
and 153.5), consistent with other large buckybowls such as 2 and 3. 
The procedure described here provides a short route to the previously unknown 
C32H12 fullerene fragment. Our attempts to achieve the desired ring closures in the final step 
by solution phase chemistry have, so far, not met with success, and hence the rather unusual 
combination of both solution and FVP methods in buckybowl synthesis. 
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Experimental 
General. 1H (300 MHz) and 13C (75.4 MHz) NMR spectra were recorded in CDCh (8 = 
7.26 and 77.23 ppm, respectively) unless otherwise noted. High-resolution mass 
spectroscopy (HRMS) was preformed by the Mass Spectroscopy Laboratory at ISU. Melting 
points are uncorrected. The flash vacuum pyrolysis apparatus was purchased from Kontes 
Glass, Inc., and the following procedure was employed. The sample is dissolved in CH2Ch 
and transferred to a small glass boat filled with glass wool. The solvent is evaporated and the 
boat is placed in the inlet chamber wrapped with a heating mantle that allows sublimation of 
the substrate under vacuum with a small flow of nitrogen. The pyrolysate condenses on the 
sidearm of the quartz tube, exiting the chamber, which is cooled with dry ice/acetone. Bis(2-
bromophenyl)ethyne10 and 3,8-dimethylacenaphthenequinone9 were both synthesized 
according to published procedures. 
1,6,7,10-Tetramethyl-8,9-bis(bromophenyl)fluoranthene (4). To a suspension of 3,8-
dimethylacenaphthenequinone (3 g, 14.3 mmol) and 3-pentanone (5 mL) in 50 mL of 
methanol was added a 20% methanolic solution of potassium hydroxide (3 mL). The 
mixture was stirred at room temperature overnight, diluted with water, and extracted with 
dichloromethane (DCM). The organic layer was washed with aqueous ammonium chloride, 
water (3 times), dried, and evaporated to give the cyclopentadienone (2.43 g, 65%). The 
crude product was transferred to a 200 mL sealed reaction vessel. Bis(2-
bromophenyl)ethyne (3 .19 g, 9 .5 mmol) and acetic anhydride ( 60 mL) were added, and the 
vessel was sealed and placed in an oil bath at 160 °C for 24 hours. After cooling, the mixture 
was poured onto ice and the dark brown solid that separated was chromatographed on silica 
gel with hexane/DCM (10:1) to yield 2.92 g (36% for 2 steps) of the desired product (yellow 
solid): mp 188-190 °C; 1H NMR 8 7.72 (d, J=8.1 Hz, 2H), 7.52 (d, J=8.1 Hz, 2H), 7.42-7.34 
(m, 4H), 7.14 (t, J=7.5 Hz, 2H), 7.01 (t, J=7.5 Hz, 2H), 2.83 (s, 6H), 2.41 (s, 6H); 13C NMR 8 
142.37, 140.31, 140.15, 135.01, 134.06, 132.37, 132.26, 131.89, 130.66, 128.81, 128.58, 
127.33, 126.72, 126.40, 125.16, 24.92, 22.11; Anal. Calcd for C32H24Br2: C, 67.63; H, 4.26. 
Found: C, 67.31; H, 4.17. 
1,6-Bis( dibromomethyl)-7,1 0-bis(bromomethyl)-8,9-bis(2-bromophenyl) fluoranthene 
(5). 1.32 g (2.3 mmol) of 4, N-bromosuccinimide ( 4.0 g, 22.5 mmol) and benzoyl peroxide 
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(20 mg) in dry benzene (100 mL) were irradiated with a sun lamp and refluxed for 20 hours. 
The solution was washed (3 times) with water, dried over magnesium sulfate, filtered and 
evaporated to yield, after crystallization from toluene-ethanol, a yellow solid (2.08 g, 86%): 
mp 180-182 °C; 1H NMR 8 8.35 (d, J=8.7 Hz, 2H), 7.98 (d, J=8.7 Hz, 2H), 7.91 (s, 2H), 
7.53-7.39 (m, 4H), 7.13-7.08 (m, 4H), 4.66 (s, 4H); 13C NMR 8 144.33, 139.86, 138.66, 
137.24, 133.51, 133.23, 133.02, 132.61, 132.19, 131.69, 130.49, 129.79, 129.09, 129.04, 
126.94, 42.90, 33.24; MS (EI, 70 eV) m/z (rel. intensity) 1040 (4), 959 (12), 879 (8), 800 
(21 ), 720 (10), 642 (18), 561 (13), 481 (32), 400 (100); Anal. Calcd for C32H 18Br8: C, 36.90; 
H, 1.74. Found: C, 36.69; H, 1.87. 
1,2-Bis(2-bromophenyl)-4,9-dibromocorannulene (7). 370 mg of sodium hydroxide 
pellets were added to a stirred suspension of 5 (850 mg) in 40 mL of dioxane and 12 mL of 
water. The reaction mixture was refluxed for 30 minutes, cooled, poured into water, and 
acidified with hydrochloric acid. The precipitate was filtered, washed thoroughly with water 
and ethanol, and dried to give a pale yellow solid (560 mg, 96%): mp 258-260 °C; 1H NMR 
8 7.93 (m, 4H), 7.63-7.60 (m, 2H), 7.56 (s, 2H), 7.41-7.38 (m, 2H), 7.23-7.12 (m, 4H); 13C 
NMR 8 138.51, 137.81, 135.74, 135.45, 133.67, 132.56, 131.66, 131.48, 131.05, 130.67, 
129.75, 129.49, 128.54, 127.57, 127.35, 124.51, 122.11; MS (EI, 70 eV) m/z (rel. intensity) 
719 (45), 717 (58), 715 (38), 557 (30), 397 (100); HRMS (EI, 70 eV) calcd for C32H14Br4 
717.7788, found 717.7800. 
Acenaphtho[3,2,1,8-ijk/m ]diindeno[4,3,2,1-cdef:1 ',2' ,3' ,4'-pqra]triphenylene (6). Flash 
vacuum pyrolysis of 7 (400 mg in ca 80 mg portions) at 1050 °C under vacuum with a slow 
nitrogen bleed ( ~ 1mm Hg) over a period of 2 hours gave 28 mg of pyrolysate. Column 
chromatography with hexane/dichloromethane (10: 1) on silica gel gave 16 mg of 6 (7% 
yield): mp290-292 °C; 1H NMR (400 MHz, acetone-d6) 8 8.01 J=8.4 Hz, 2H), 7.56 (s, 2H), 
7.55 (d, J=7.2 Hz, 2H), 7.46 (d, J=8.8 Hz, 2H), 7.37 (d, J=8.8 Hz, 2H), 7.37 (dd, J=7.2, 8.4 
Hz, 2H); 13C NMR (75.4 MHz, CDCh) 8 153.50, 151.30, 148.40, 144.37, 140.46, 138.59, 
138.29, 136.79, 135.34, 134.92, 132.05, 129.11, 127.09, 126.93, 123.52, 119.29 (last six CH 
by NMR Attached Proton Test); MS (EI, 70 eV) m/z (rel. intensity) 396 (100), 324 (60), 198 
(56); HRMS (EI, 70 eV) calcd for C32H12 396.0939, found 396.0946. 
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SYNTHESIS OF 1,6,7,10-TETRAMETHYL-2,5,8,9-
TETRAPHENYLFLUORANTHENE AS A POTENTIAL BUCKYBOWL 
PRECURSOR 
Abstract: 1,6, 7, 1 0-Tetramethyl-2,5,8,9-tetraphenylfluoranthene is prepared from 3,8-
dimethylacenaphthylene-1,2-dione. Regiospecific bromination of the quinone gives 4, 7-
dibromo-3,8-dimethylacenaphthylene- l ,2-dione which is subjected to a double Knoevenagle 
condensation with 3-pentanone. A subsequent Diels-Alder reaction with diphenyl acetylene 
gives 2,5-dibromo- l ,6, 7, 1 0-tetramethyl-8,9-diphenylfluoranthene after loss of carbon 
monoxide and pentadiene. A variation of Suzuki coupling replaces the bromines with phenyl 
groups to give the title compound. 
Introduction 
The discovery of buckminsterfullerene, C60,1 has lead to an intense interest in the 
synthesis and study of curved polycyclic aromatic hydrocarbons (P AH' s ). First synthesized 
over 30 years ago,2 corannulene 1, the smallest curved P AH, was not widely studied until 
Scott reported a synthetic method incorporating flash vacuum pyrolysis (FVP). 3 FVP has 
since been used in the production of a number ofbuckybowls, including circumtrindene 2,4 
the largest member synthesized to date. However, the extremely successful FVP method 
does have limitations, namely the lack of volatility of heavy precursors and the necessarily 
small scale of the reaction. It was for these reasons alternative, non-pyrolytic methods were 
sought out. 
1 2 
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In recent years, there have been several solution-phase syntheses of various 
buckybowls put forth.5-9 Following the recent discovery that tetrabromocorannulene can be 
conveniently prepared on a large scale by sodium hydroxide-promoted coupling of 
tetrakis( dibromomethyl)fluoranthene, 1 O it was proposed that 3 ,4,9, 1 O-tetrabromo-1,2,5 ,8-
tetraphenylcorannulene 4 could be made using the same methodology from 1,6, 7, 1 O-
tetrakis( dibromomethyl)-2,5 ,8,9-tetraphenylfluoranthene 3a. We then hoped to incorporate 
palladium-catalyzed intramolecular aryl-aryl coupling, first reported by Scott, et al., 9 to 
generate the C44H1s hydrocarbon 5. 
5 
3a R = CHBr2 4 
Towards this goal, we herein report the synthesis of 1,6, 7, 1 O-tetramethyl-2,5,8,9-
tetraphenylfluoranthene 3c, a possible precursor for the formation of 5 via the utilization of 
non-pyrolytic methods. 
Results and Discussion 
3,8-Dimethyl-1,2-acenaphthenedione 6a, was prepared according to a previously 
published series of carbon additions and functional group transformations(see Scheme 2).11 
The directing influence of the aromatic carbonyl and methyl groups was utilized in the 
electrophilic bromination of 6a to give 4,7-dibromo-3,8-dimethyl-l,2-acenaphthenedione 6b. 
Several methods were tested to find a suitable means of obtaining the desired product. When 
excess bromine and refluxing in DCM or acetic anhydride were shown to give only small 
amounts of monobrominated material, catalysts were added. Use of aluminum(III) chloride 
with bromine in refluxing DCM for 2 hours gave the expected singlet in the aromatic region 
(later found to be at the wrong chemical shift), but the desired product mass was not 
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observed by GCMS. Thinking the conditions too harsh, the catalyst was changed to iron(III) 
chloride and the reaction run at room temperature. The desired product was observed after 
only two hours under these new conditions, but the major product was monobrominated 
quinone. Under longer reaction times, 24 hours for example, tribrominated product was 
formed. Separation of the tri- and dibrominated products was difficult, due to the lack of 
solubility of both compounds. Finally, the desired product was obtained in 75% yield by 
using three equivalents of iron(III) chloride, three equivalents of bromine, and a single 
equivalent of starting material, with reaction at room temperature in a large excess of DCM. 
Completion was monitored by GCMS and took from 10-15 hours depending on 
concentration. 
A double Knoevenagle condensation of 6b with 3-pentanone and potassium 
hydroxide (20% in methanol) gave 7. However, attempts to dehydrate 7 and carry out the 
Diels-Alder reaction in one step, by refluxing in acetic anhydride with diphenyl acetylene 
(DPA), resulted in an extremely insoluble dark brown substance. To explore the creation of 
this unwanted material, the dehydration was enacted separately. The carbinol 7 was 
suspended in acetic anhydride and a catalytic amount of sulfuric acid in acetic anhydride was 
added. The insoluble dark material was again the product. High molecular mass 
spectroscopy, using solid insertion electron ionization, showed the mass to be 418, as 
expected for the desired product. It was theorized that the substance was a dimer, due to the 
[2+2] cycloaddition reaction of the cyclopentadiene sections of two of the dehydrated 
molecules. Similar dimers have been reported by Craig and Robins12 and observed in our 
group.13 In some cases, the dimerization was found to be reversible at high temperatures. 
Several drastic attempts to reverse the dimerization process and enact the subsequent Diels-
Alder reaction failed. For example, the dark solid and DP A was: suspended in dimethyl 
formamide and refluxed for 24 hours; heated at 200 °C for 4 hours; reacted in acetic 
anhydride in a sealed reaction tube for 6 days at 130 °C; mixed with phenanthrene, which 
when heated to 315 °C acted as the solvent, in a sealed reaction tube for 2 hours. 
It was obvious that if the supposed dimerization was not reversible, then it must be 
inhibited. This was accomplished during the dehydration step by using a large excess of 
DCM to dissolve 7, a catalytic amount of p-TsOH acid to enact the dehydration, and 
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molecular sieves for removing water from the solution. Once finished, the solids were 
simply filtered off and the solvent evaporated leaving a dark red-brown solid 8 in 63% yield 
for the condensation and the dehydration steps. 
0 0 
R 
6a R=H -i a 
bR=Br 
b, C 
Br 
0 0 
d 
7 8 
Scheme 2 a. Br2, FeC13, DCM b. 3-pentanone, 20% KOH/MeOH c. H+ 
d.p-TsOH, DCM 
The [ 4+2] cycloaddition between 8, used without purification, and an excess of DP A 
was attempted in acetic anhydride, refluxing and in a sealed reaction tube overnight, as well 
as in xylenes and butanol in a sealed reaction tube at~ 160 °C overnight. Optimum yields of 
40% of9 were achieved by mixing only 8 and 20+ equivalents of DP A in a sealed reaction 
tube and heating them overnight at 165 °C. To remove the large excess of DP A, a column 
chromatography was run using only hexane as an eluent. 
A method for in situ cross-coupling between aryl boronic acids and haloarenes 
catalyzed by palladium compounds had been used to synthesize biaryls. 14 We used this 
modified Suzuki reaction to couple phenyl boronic acid with 9 giving a 72% yield of 3b. 
The two reactants were mixed with a catalytic amount of palladium tetrakis-
triphenylphosphine, sodium carbonate, suspended in a toluene, ethanol, water ( 4:4: 1.6) 
solvent system, and refluxed overnight. 
Radical bromination of 3b was carried out with an excess of N-bromosuccinimide 
under irradiation with the goal of adding two bromides on each benzylic position. 
Unfortunately, the desired octabromo product was never realized. High mass GCMS showed 
the hydrocarbon was only tetrabrominated 3c. 
43 
8 
a b 
9 
3b R=Me 
c R= CH2Br 
Scheme 4 a. DPA, 165 °C overnight b. phenyl borate, NaCO3, EtOH, H2O, toluene, 
Pd(PPh3)4 c. NBS 
Several methods were tried to close 3c to the substituted corannulene system. The 
first method attempted was the proposed carbenoid coupling. 1 O Reflux of 3c with sodium 
hydroxide in a 3 to 1 dioxane and water mixture gave only polar products. It is theorized that 
the protons, being less acidic on the monobrominated material than on the desired 
dibrominated material , are less reactive leading to the polar hydrolysis product instead of the 
non-polar hydrocarbon. Low valent vanadium coupling was also tried with the same lack of 
success. 7 Again, only polar products were recovered after reaction with the reduced 
vanadium. 
Experimental Section 
General. 1H (300 MHz) and 13C (75.4 MHz) NMR spectra were recorded in CDCh (8 = 7.26 
and 77.23 ppm, respectively). High-resolution mass spectroscopy (HRMS) was preformed by 
the Mass Spectroscopy Laboratory at ISU. Melting points are uncorrected. 
4,7-Dibromo-3,8-dimethylacenaphthylene-1,2-dione (6b): 2.lg (0.01 mol) of3,8-
dimethylacenaphthenequinone was dissolved in ~200mL of dichloromethane. To this 
solution was added 4.86g (0.03 mol) of iron(III) chloride and 4.8g (0.03 mol) of bromine. 
The resulting suspension was stirred at room temperature for 10-15 hours with progress 
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monitored by GCMS. Upon completion, the solid was filtered off and the solution 
evaporated. The resulting brown solid was washed with hot ethanol and filtered leaving 2. 7 g 
(75% yield) of pure brown material. 1H NMR (CDCh, 300 MHz): 8 8.29 (s, 2H), 2.90 (s, 
6H); 13C NMR (CDCb, 75 MHz): 8 187.13, 166.24, 138.54, 133.83, 132.18, 129.82, 128.20, 
125.71, 18.39; HRMS (EI, 70 eV) calcd for C14H8O2Br2 367.88706 found 367.88767; mp 
decomposes at 210 °C. 
2,5-Dibromo-1,6, 7,10-tetramethyl-8,9-diphenylfluoranthene (9): 1.4mL of 20% potassium 
hydroxide in methanol was added to 4.2g (0.011 mol) of 6b and 2.9mL (0.028 mol) of 3-
pentanone in 50mL of methanol and stirred overnight at room temperature under nitrogen. 
Approximately 20 minutes after the addition of the potassium hydroxide, the light brown 
solution darkened. Upon completion of the reaction, the solution was acidified and extracted 
with dichloromethane. The solvent was removed and the dark solid 7 was dissolved in 
dichloromethane (~lg/lL). Molecular sieves and a catalytic amount of p-TsOH acid were 
added, and the suspension was stirred overnight at room temperature. On completion, the 
solids were filtered off and the solution evaporated. The remaining dark solid was washed in 
hot ethanol, filtered and dried to yield 3g (63%) of 8. 2g (0.0048 mol) of 8, used without 
purification, and 21g (0.12 mol) of diphenylacetylene were placed in a sealed reaction vessel 
and heated in an silicon oil bath at 165 °C overnight with a magnetic bar for stirring. The 
product was purified by column chromatography with hexanes to remove first the excess 
diphenylacetylene and next the desired product in 40% yield, 1.06g. 1H NMR (CDCh, 300 
MHz): 8 7.95 (s, 2H), 7.26-7.08 (m, l0H), 2.76 (s, 6H), 2.33 (s, 6H); 13C NMR (CDCb, 75 
MHz): 8143.39, 141.11, 139.72, 137.16, 131.91, 131.65, 130.75, 130.68, 129.04, 128.53, 
127.91, 127.87, 127.82, 126.54, 126.47, 25.25, 23.52; HRMS (EI, 70 eV) calcd for C32H24Br2 
568.02243 found 568.02308; mp 264-266 °C. 
1,6,7,10-Tetramethyl-2,5,8,9-tetraphenylfluoranthene (3b): To a 50 mL solution of 
toluene, ethanol and water (4:4:1.6) was added 0.58g (0.001 mol) of 9, 0.5g (0.004 mol) of 
phenylboronic acid, 0.12g (1.02x10-4 mol) palladium (IV) triphenylphosphine, and 0.17g 
(0.0016 mol) sodium bicarbonate. The suspension was refluxed overnight under nitrogen. 
The solution was next acidified and extracted with DCM. After removal of the solvent, the 
solid was purified via column chromatography in a mixture of hexanes and DCM (7: 1) which 
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gave 0.41g, 72% yield of desired product. 1H NMR (CDCh, 300 MHz): 8 7.70 (s, 2H), 7.55-
7.40 (m, l0H), 7.25-7.10 (m, l0H), 2.59 (s, 6H), 2.42 (s, 6H); 13C NMR (CDCh, 75 MHz): 
8 144.58, 142.85, 142.61, 141.65, 140.42, 136.36, 132.90, 131.58, 130.97, 130.80, 130.05, 
128.60, 128.47, 128.37, 127.75, 127.27, 126.25, 126.21, 23.77, 23.60; HRMS (EI, 70 eV) 
calcd for C44H34 562.26605 found 562.26682; mp 265 °C. 
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GENERAL CONCLUSIONS 
In this thesis, a significant amount of curved fullerene fragment chemistry was 
covered. The excitement created by buckminsterfullerene has spilled over into these 
fragments and the complete, controlled synthesis of C60 is an enticing goal of this chemistry. 
Towards this end, a great deal of effort has been expended to synthesize ever larger 
buckybowls and necessarily that includes advancing better production methodology. The 
General Introduction explored the evolution of synthetic methods ofbuckybowl production, 
from brute force, through flash vacuum pyrolysis, to solution-phase tactics. The history of 
the synthesis of corannulene was followed through these methods. The schemes that led to 
corannulene were expanded to produce up to 60% of a buckyball. 
Chapter 2 deals with the synthesis of an interesting, new polynuclear aromatic 
hydrocarbon, 7, 10-bis( chlorovinyl)fluoranthene-5-ol, a possible precursor to corannulene 
through a novel solid-phase route. Although the reaction scheme is arduous and the overall 
yield poor, the solid-phase methodology is so promising that the effort is validated. 
Therefore, results of the precursor and silica matrix reaction are highly anticipated. 
Chapter 3 introduces a new buckybowl. Acenaphtho[3,2, l ,8-ijklm ]diindeno[ 4,3,2, l-
cdef l ',2' ,3 ',4' -pqra ]triphenylene was prepared by means of a unique combination of 
reaction steps. Solution-phase chemistry was used to create a substituted corannulene and 
subsequent pyrolysis gave the final C32H14 buckybowl. However, some non-pyrolytic 
pathways either failed outright, or were found to have limitations. Chapter 4 better defined 
the limitations of the convenient, corannulene production method. That is, results reported 
here and in the previous chapter show that o-phenyl groups prohibit dibromination of 
benzylic methyls. Chapter 3 illustrated this with 1,6-bis( dibromomethyl)-7, 1 0-
bis(bromomethyl)-8,9-bis(2-bromophenyl) fluoranthene. The two methyl groups ortho to the 
phenyls were only monobrominated while the unhindered methyl groups were dibrominated. 
In the case of 1,6, 7, 1 0-tetramethyl-2,5,8,9-tetraphenylfluoranthene, from Chapter 4, all four 
methyl groups were unable to be dibrominated and the desired ring closures could not be 
enacted. Although this pathway to large fullerene fragments failed, it has lead to a better 
understanding of the limitations of a non-pyrolytic method. 
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